ABSTRACT
INTRODUCTION
In the past couple of decades, there has been a tremendous increase in the field of preventive dentistry concerning the use of fluorides. Fluorides have been a topic of extreme interest, ever since its discovery. 1 In fighting the tooth decay process, fluorides have been extensively used in the field of dentistry. However; is often regarded as a "double-edged sword" as excessive consumption of fluoride also leads to a risk of cumulative intoxication resulting in minor physiological alteration. 2 Rural areas of India consist of more than seventy percent of the total population. Centralized water supply faculty is not up to the mark in these areas. For drinking purposes, groundwater is the major source, on which population of these areas is dependent.
As demonstrated by animal studies, impairment in the thyroid function occurs at higher concentrations of fluoride. In laboratory experiments, when animal subjects were administered with fluoride doses of three to six mg/kg per day, a significant fall in the concentrations of triiodothyronine (T3) and thyroxine (T4), thyroid peroxidase and 3G-leucine were observed. Also, under the effect of low iodine intake, larger alterations in the functions of the thyroid gland were observed. However; the actual mechanism responsible for producing all these changes is still not clearly understood. 4, 5 Fluoride affects the tooth development in a dosedependent manner. The interaction between the fluoride ions and hydroxyapatite molecules dramatically affects the different stages of tooth development of other dental tissues (particularly enamel). 6 Hence; under the light of data mentioned above, the current investigation was planned to comparatively evaluate the status of fluoride in the body with the free T4, T3 and TSH levels of pediatric population in areas with and without endemic fluorosis. The present study also aimed to elucidate whether any correlation exists between fluoride and thyroid hormone derangement with delayed tooth eruption.
MATERIALS AND METHODS
The present study was conducted in the department of dentistry by including 400 pediatric subjects of 8 to 15 years age of mixed dentition period. Ethical clearance was obtained from the ethical committee of the institution, and written consent was also obtained from the guardians/parents of all the pediatric subjects. All the patients were divided into two broad groups; groups A and B. Group A included 200 subjects who belonged to the endemic fluorosis area while Group B included the remaining 200 subjects, who belonged to the fluorosis non-endemic area. Group B subjects were taken as control. Group A subjects were further divided into two study groups as follows:
• Group A1: One-hundred Paediatric subjects with dental fluorosis, and • Group A2: One-hundred Paediatric subjects without dental fluorosis Further division of the subjects of group A1 was done into two groups with 50 subjects in each group. A total of fifty subjects were taken from locations with the level of water fluoride up to 2.7 ppm, and the remaining 50 subjects were taken from areas with a level of water fluoridation up to 5.2 ppm. A similar division of the subjects of group A2 into two groups was done, with 50 subjects in each group. In a control group (group B), those subjects belonging to the non-endemic area were taken in which, dental fluorosis was absent.
Subjects more than 15 years of age, or having history of the presence of any other form of dental staining, cancer/chronic disease and having thyroid-interfering medication were excluded from the study.
Complete dental history in all the subjects was obtained along with the assessment of Dean's index. The ra te of dental fluorosis (DF) % was used for assessing the prevalence of dental fluorosis. Collections of blood samples were done in the morning time by from the subjects by venipuncture into the tubes, followed by separation of the samples by centrifugation. Serum was separated with the purpose of assessment of thyroid function test and estimation of fluorine in the serum. This was followed by refrigeration of the samples at four-degree centigrade. For estimation of the grade of exposure to fluorine compounds absorbed, u rinary fluoride is regarded as an indicator. Evaluation of the fluoride ion level in the body fluids was done using manual titration method, and automatic analyzer and radiometer. 8 Assessment of serum thyroid hormone levels were done using Immuno Chemiluminescence Microparticle Assay with Autoanalyzer. 7 All the results were subjected to statistical analysis by SPSS software version 17.0. Chi-square test and Mann Whitney test were used for assessment of the level of significance. The p-value of less than 0.05 was taken as significant.
RESULTS
In the present study, assessment of a total of 400 subjects was done, which were divided into two study groups; Group A and Group B. Subjects of Group A were divided into two subgroups; Subgroup A1 and Subgroup A2. Mean water fluoride levels of subjects of subgroup A1, subgroup A2, and group B were 1.1 ppm, 3.3 ppm, and 0.99 ppm respectively ( Table 1 ). The range of serum fluoride levels of subjects of subgroupA1, A2, and group B was 0.05 to 0.71 ppm, 0.05 to 0.71 ppm and 0.03 to 0.10 ppm respectively. Mean free T3 levels of the subjects of the subgroup A1, A2, and group B were 2.9 pg/mL, 2.7 pg/ mL and 3.01 pg/mL respectively ( Table 2 ). Delayed tooth eruption was absent in subjects of group B while it was present in 100 subjects of group A. Thyroid hormone level derangement was seen in 54% subjects of group B, while it was seen in 67.5 percent subjects of group A (Table 3) .
Mean free T3, mean free T4, mean TSH levels of the subjects of group 1 were 3.125 pg/mL, 1.282 ng/mL, 3.849 µIU/m, 2.877 ppm, 2.982 ppm, and 0.195 ppm respectively. Mean free T3, mean Free T4, mean TSH levels of the subjects of group 2 were 2.698 pg/mL, 1.193 ng/mL, 2.588 µIU/m, 1.020 ppm, 0.761 ppm, and 0.059 ppm respectively (Table 4) . Mean TSH, water fluoride levels, urine fluoride levels and serum fluoride levels of subjects of group 1 were found to be significantly higher than that of subjects of group 2 (p-value < 0.05). Sixty percent of the subjects of the subgroup A2 had three score of dean's fluorosis index as shown in Graph 1. A positive correlation was observed while assessing the association between the deranged fluoride levels and delayed tooth eruption (Table 5 ). However; the negative correlation was observed while assessing the correlation between the delayed tooth eruption and thyroid hormone level derangement.
DISCUSSION
In context to humans, fluoride has both a positive and negative effect. In the field of dentistry, topical and systemic fluorides are continuously used for prevention of dental caries. Especially in the developed countries, a great reduction in the incidence of dental caries has been seen under the effect of fluorides. Fluoride intake is mostly commenced through drinking water. The concentration of fluoride level in majority countries of the subcontinent including India is greater the World Health Organization (WHO) guidelines values.
9,10 Correlation of alteration in thyroid functions and levels of fluoride intake is a topic of current research. Hence; under the light of data mentioned above, the ongoing investigation was planned to comparatively evaluate the status of fluoride in the body with the free T4, T3 and TSH levels of pediatric population in areas with and without endemic fluorosis. In the present study, a positive correlation was obtained between water fluoride-urine fluoride and water fluorideserum fluoride levels. Our results were in concordance with the results obtained by Singh et al. and Rathee et al., who also observed similar findings in their study. 6, 11 In the present study, it was also observed that functional thyroid alterations were caused by high fluoride exposure, which was in correlation with the results obtained by Xiang et al. 12 In a previous study conducted by Singh et al., authors comparatively evaluated the thyroid hormone levels and estimated fluoride status among pediatric subjects of age group of 8 to 15 years. Their study population comprised of two groups; endemic fluoride population, and nonendemic fluoride population. They concluded that it is desirable to test the fluoride content of the drinking water among with activity of thyroid hormones in pediatric Graph 1: Subjects of Group A 1 with Dean's grades of fluorosis subjects assessing the effect of deranged thyroid hormones on fluorosis. 6 Hosur et al., in another study, assessed the impact of fluoride-induced thyroid alterations in subjects with dental fluorosis. A total of 65 subjects with dental fluorosis from endemic fluorosis areas were included in their study. Ten subjects with absence of dental fluorosis were taken as controls in their study. Assessment of fluoride levels of drinking water was done in their study. Along with this, they also assessed the levels of thyroid hormone levels in both the study groups. Among subjects with dental fluorosis, they didn't observe any significant alteration in the thyroid hormone levels. 13 For the assessment of the severity of dental fluorosis, along with thyroid function and bone metabolic indicators among school children, Khandare et al. conducted a case-control study. They carried out the investigation in the area where drinking water was contaminated, and heat stressed. Study group in their research comprised of 824 subjects within the age group of 8 years to 15 years. In comparison to the subjects of the age-matched control group, the levels of dental fluorosis were significantly greater among children in the study group. Also in comparison to the controls, subjects of the study group had significantly higher urinary fluoride levels. Study groups subjects of their study had substantially lower nutritional status in comparison to the controls. In children of affected areas, thyroid functions were more significantly altered in comparison to the controls. From the results, they concluded that in comparison to the controls, children living in the fluoride endemic areas are more severely affected with altered thyroid and metabolic functions. 14 Yun et al. investigated the current incidence of endemic fluorosis in the floodplain area. For carrying out the epidemiological survey of endemic fluorosis, they surveyed 16 countries. Assessment of fluoride level in the drinking water was done in both children and adults. From the results, they concluded that effective control of endemic fluorosis was still lacking in these areas, which suggested that there was still a need for preventive approaches. 15 Growth disturbance often results from chronic over exposure in the individual with fluoride in drinking water. This occurs, particularly in adolescence. As stated by different authors, it results in thyroid dysfunction and disturbance in the development and eruption of dentition. 16, 17 This was also evident in the current study, in which delayed eruption of teeth and altered thyroid function was seen in patients with fluoride endemic areas. However; we didn't observe any significant correlation between delayed tooth eruption and thyroid hormone derangement. Mixed findings have been reported in the past literature in relation to the association of fluoride exposure and thyroid functioning.
In few studies conducted in India and China, authors reported alteration of a minimum of one hormone among those deemed as having 'high' fluoride exposure. No significant differences among the levels of TSH in between fluoride endemic and non-endemic areas were reported by Michael et al. Lin et al. reported opposite findings in their study. They observed significant higher TSH activity in subjects of endemic fluoride areas in comparison to fluoride non-endemic areas. [18] [19] [20] Although, the present study has not evaluated the derangement in fluoride and thyroid in males and females separately. Variation of serum thyroid hormone in males and females might influence tooth eruption pattern and fluorosis. However, past studies have shown contradicting results regarding the influence of gender on fluorosis and tooth eruption pattern which depend upon difference in geographic areas. [21] [22] [23] However; further research is warranted in this field for a better understanding of the correlation between thyroid functional activity, tooth eruption changes, and fluorosis.
CONCLUSION
The present study validates the hypothesis that fluorosis and thyroid functional activity are positively correlated with each other. Excessive fluoride levels also lead to alteration in thyroid hormones activity. However; tooth eruption pattern is independent upon the thyroid hormone derangement but is affected by fluoride mineral. Therefore, we recommend that adequate measures should be taken for controlling the adverse effects of fluoride, especially in young and adolescent population.
